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1  | INTRODUC TION
Technical feasibility and surgical experiences of laparoscopic pan-
creaticoduodenectomy (LPD) have been reported, but the safety of 
LPD is still controversial. In fact, a recent randomized control study 
comparing LPD and open pancreaticoduodenectomy (OPD) raised 
considerable safety issues about LPD.1 Pancreaticoduodenectomy 
(PD) has two phases; resection and reconstruction.2 LPD is not that 
easy of a procedure. For example, in periampullary cancers asso-
ciated with cholangitis and pancreatitis, resection will be difficult 
due to severe adhesion and invasion associated with potential risk 
of combined vascular resection. On the other hand, reconstruction 
is expected to be easy due to enlarged bile duct and remnant hard 
pancreas with dilated pancreatic duct. However, these clinical cir-
cumstances will be the opposite in benign and low-grade malignant 
periampullary neoplasm.3
In particular, managing the remnant soft pancreas with small 
pancreatic ducts is believed to be one of the challenging procedures 
during LPD. This is because it is regarded as a risk factor to clinically 
relevant postoperative pancreatic fistula (POPF),4 resulting in pro-
longed hospital stay, increased medical costs, and even surgery-re-
lated mortality. These factors also apply to OPD. Therefore, surgical 
simulation is very important to successfully manage the remnant 
soft pancreas with small pancreatic duct during PD, especially for 
less experienced pancreatic surgeons.5 It is agreed that that soft 
remnant pancreas with small pancreatic duct is risky, and safe pan-
creaticojejunostomy (PJ) is vital during PD. However, there are no 
appropriate ways to develop surgical skills for this challenging pro-
cedure. Surgeons hope to overcome the learning curve and become 
fluent in surgical techniques for safe PJ based on accumulated surgi-
cal experience. This is a critical unmet need in the clinical practice of 
pancreatic surgery.
In this report, a newly developed porcine model for duct-to-mu-
cosa PJ (Yonsei-PJDTM) is described. This porcine model is quite sim-
ilar to that for human soft remnant pancreas with a small pancreatic 
duct.6 We believe that every new surgeon who needs to perform PD 
or prepare for PD, regardless of whether they are using the minimally 
invasive or open approach, can benefit from the present model. The 
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Abstract
Laparoscopic pancreaticoduodenectomy (LPD) is technically feasible, but its safety 
is still controversial. Pancreas texture and the small size of the main pancreatic duct 
indicate laparoscopic pancreaticoduodenectomy (LPD) as a challenging procedure. 
Thus, LPD could be a risk factor for postoperative pancreatic fistula (POPF), longer 
hospital stay, and delayed adjuvant chemotherapy that affects long-term oncologic 
outcome. So, it is important to promote education on LPD especially techniques for 
pancreaticojejunostomy. A porcine model for duct-to-mucosa pancreaticojejunos-
tomy (PJ) (Yonsei-PJDTM) was developed, and details of the model will be described 
in this report.
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method teaches not only the concepts of the surgical procedure, but 
also improves surgical skills for safe PJ.
2  | MATERIAL AND METHODS
2.1 | Preparation of porcine model for PJ (Yonsei-
PJDTM)
2.1.1 | Model concepts
The following is background for developing a porcine PJ model. 
Implantation of an artificial neo-pancreatic duct is the main idea of 
the Yonsei-PJDTM model.
1. In the porcine model, dissection of the pancreatic neck above 
the superior mesenteric vein-splenic vein-portal vein confluence 
is very similar to that in real patients.
2. When dividing the pancreatic neck, the left-sided porcine pan-
creas is soft and appropriate for simulating remnant soft pancreas 
with a small pancreatic duct in PD.
3. However, the actual pancreatic duct of the porcine pancreas is 
too small to be appropriate for duct-to-mucosa (DTM) anastomo-
sis training.7
4. Therefore, an artificial tube with small lumen can be implanted 
into the left-side porcine pancreas after division of the neck 
for simulating soft remnant pancreas with a small pancreatic 
duct.
2.2 | Preparation of the Yonsei-PJDTM model
To facilitate neo-artificial pancreatic duct implantation into the left-
side pancreas, a specially designed catheter can be applied. The end 
of this catheter divides into two branches; 1.5 cm from the end-
point of the catheter is a 5 mm hole at an angle of 45° so that it can 
F I G U R E  1   Specially designed catheter 
for preparation of a Yonsei-PJDTM model. 
Using this specially designed catheter, the 
direction of the guidewire can be changed 
to penetrate the dorsal pancreas. The 
catheter can be removed with a left-side 
penetrated and positioned guide-wire, 
through which a subsequent artifical neo-
pancreatic duct can be inserted
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exit above the pancreas. Further details are filed with the Korean 
Intellectual Property Office (Figure 1).8 The catheter can be inserted 
simply using the following steps (Figure 2).
3  | RESULTS
3.1 | Surgical simulation using the Yonsei-PJDTM model
There are various techniques for PJ during PD.9,10 In our clinical prac-
tice, an interrupted, DTM (4-6 stitches), two-layer technique with a 
short stent is useful for managing soft pancreas with a shorter than 
2 mm pancreatic duct. This procedure can be simulated with either an 
open or laparoscopic approach (Figure 3). After completing PJ, dividing 
the distal part of the pancreas near the PJ can provide a new model for 
repeated PJ training. The preparation of a porcine model for PJ (Yonsei-
PJDTM) and surgical simulation are well-described in the Video S1.
4  | DISCUSSION
Managing soft remnant pancreas with a small pancreatic duct dur-
ing PD is challenging.5 This step is an Achilles heel for safe PD. 
Therefore, appropriate preoperative surgical rehearsal is necessary 
for enhancing the safety of PD. Considering the increase in minimally 
invasive PD, this unmet clinical need should be resolved for safe im-
plementation of minimally invasive PD in clinical practice.11
We developed an in vivo porcine model mimicking remnant soft 
pancreas with a small pancreatic duct during PD. A specialized cath-
eter may be very helpful for preparing this model,12 although a typi-
cal catheter or curved guide wire can be used.
To our knowledge, there is no appropriate surgical simulation 
model for DTM PJ in remnant soft pancreas with a small pancre-
atic duct. Currently, only in vitro and ex vivo simulation models have 
been developed.12,13
The following are potential advantages of the proposed porcine 
model of PJ (Yonsei-PJDTM). First, the present model can provide sim-
ilar conditions to soft remnant pancreas with a small pancreatic duct. 
Therefore, using this model, most surgical techniques for PJ can be 
simulated. Second, each porcine model can be used for at least three 
or four PJ simulations. Third, the size of the neo-pancreatic duct can 
be changed according to lumen size using an artificial rubber tube. 
Fourth, this model can be applied not only in open surgery, but also 
in laparoscopic or robotic surgery. After preparing an in vivo porcine 
model using the open approach, minimally invasive surgical simula-
tion can be performed after closing the abdominal wound. Lastly, a 
F I G U R E  2   Steps for constructing a Yonsei-PJDTM model. A, Dissect the pancreatic neck of the SMV-SV-PV confluence. B, Divide the 
pancreatic neck. C, Insert a curved wire or catheter from the dorsal part of the left pancreatic neck portion. D, Fix a small rubber tube 
(artificial neo-pancreatic duct) to the wire. E, Withdraw the wire to implant a small rubber tube as a neo-pancreatic duct into the soft 
pancreas. F, Final view of the Yonsei-PJDTM model. The lumen size of the neo-pancreatic duct can be determined according to trainee's 
requirement. A 1-2-mm catheter will be appropriate for simulating a challenging clinical situation. An implanted artificial neo-pancreatic duct 
can be seen in the cut surface of the pancreas (white arrow)
(A) (B) (C)
(D) (E) (F)
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combination of bile duct isolation, transection, and choledochoje-
junostomy (this module is not presented in this report but has been 
introduced and shown to be reproducible14) will be a good surgical 
training module for simulating the reconstruction phase of PD.
Minimally invasive PD is reported to be safe and feasible.1,3,15 
However, safe implementation of a surgical technique for minimally 
invasive PD should be based on appropriate and reproducible surgi-
cal simulation for practicing surgical skill. Establishing a proper sur-
gical educational program for safe PD requires further investigation. 
Before performing PJ in patients, it would be beneficial if less expe-
rienced surgeons could learn the concepts of the surgical process 
(lectures), observe video clips (video library) or expert operations 
showing skillful surgical techniques, and perform in vitro surgical 
simulation. As a final stage of preoperative surgical rehearsal, the 
present in vivo porcine model can play a potential role in improving 
minimally invasive (laparoscopic or robotic) PJ for safe PD.
This study has several limitations. First, it is the first to construct 
a porcine model; there is no accumulated data to support the ef-
ficiency of this proposal for training with laparoscopic PJ. We are 
currently collecting data and will report it in the future. Second, this 
proposal has the advantage of practicing multiple PJ simulations 
with one experimental pig, although it is expensive to prepare the 
pig. Much funding will be needed for training in minimally invasive 
surgery, and systematic help of the local hepato-biliary-pancreas as-
sociation is critical.
In conclusion, the Yonsei-PJDTM model could be an option for 
training on PJ, and further study is needed.
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